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Abstract 

The angiotensin II antagonistic activity of SB 203220, [E-a-[[2-butyl-l-(4-carboxy-l-naphthalenyl)methyl]-lH-imidazol-5-yl]- 
methylene]-2-thiophene-propanic acid], was examined in several in vitro and in vivo assays. SB 203220 displaced [ 125I]angiotensin 
II binding from a variety of tissues including the cloned human AT 1 receptor (IC505-15 nM). SB 203220 (10 /zM) did not 
interact with AT2, endothelin (ET A and ET a) or calcitonin gene-related peptide receptors. [3H]SB 203220 bound with high 
affinity to the AT 1 receptor (K o = 4.9 nM), but dissociated from the receptor at a much slower rate when compared to 
[3H]SK&F 108566. SB 203220 antagonized intracellular Ca 2÷ mobilization induced by angiotensin II in rat vascular smooth 
muscle cells and exhibited a selective and partially insurmountable antagonism of angiotensin II-induced contraction in isolated 
rabbit aorta. In the aorta, SB 203220 produced a concentration-dependent parallel shift in the concentration-response curve to 
angiotensin II [EC30 = 5.94 + 1.6 10-11 M] and depressed the maximal contractile response to angiotensin II by approximately 
35%. The antagonistic effect of SB 203220 in rabbit aorta was slowly reversible compared to SK&F 108566. SB 203220 displayed 
no agonist activity and had no effect on the contractile responses to KC1, endothelin-1 or norepinephrine. In rats, SB 203220 at 
10 mg/kg  i.v. inhibited angiotensin II-induced aldosterone release. Intraduodenal or oral administration of SB 203220 (1-10 
mg/kg) to conscious rats and dogs inhibited the pressor responses to exogenous angiotensin II. SB 203220 (3-10 mg/kg) also 
produced a long-lasting (> 12 h) antihypertensive response in renin-dependent hypertensive rats and dogs. These data 
demonstrate that SB 203220 is a potent and highly selective AT 1 receptor antagonist having good oral activity and duration of 
action in hypertensive models. 
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I.  Introduct ion  

Angiotens in  II  is the pr imary active componen t  of  
the renin-angiotensin  system and as such exerts a wide 
variety of  physiological actions on the cardiovascular,  
renal, endocr ine ,  and central  nervous systems (Peach,  
1977). The  biological effects of  angiotensin II  are medi-  
a ted th rough  the binding of  the pept ide  to specific cell 
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surface receptors  in various target  tissues. Based on 
their differential affinity for  nonpep t ide  receptor  an- 
tagonists,  two major  subtypes o f  angiotensin II  recep- 
tors (AT  1 and A T  2) have been  described (Whi tebread  
et al., 1989; Chiu et al., 1989; Hodges  et al., 1992; 
T immermans  et al., 1993). To date,  all known actions 
of  angiotensin II  have been shown to be media ted  by 
the activation o f  the A T  1 receptor  subtype. The  func- 
t ion of  the A T  2 receptor  is still unclear.  We have 
previously demons t ra ted  that  S K & F  108566 is a selec- 
tive, po ten t  and orally active nonpep t ide  A T  t receptor  
antagonis t  (Weinstock et al., 1991; Edwards  et al., 
1992). As par t  of  an ongoing search to identify novel 
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long-acting orally active nonpeptide AT 1 receptor an- 
tagonists, we have explored structural analogs of SK& F 
108566. Here we report on the in vitro and in uivo 
characterization of a naphthyl analog of SK& F 108566, 
SB 203220, [E-a-[[2-butyl-l-(4-carboxy-l-naph- 
thalenyl)methyl]- 1 H-imidazol-5-yl]-met hylene]-2-thio- 
phene-propanic acid], a potent selective long-acting 
imidazole-5-acrylic acid which has a different in vitro 
profile compared to S K & F  108566. The chemical 
structure, synthesis and preliminary pharmacology of 
SB 203220 were reported recently (Weinstock et al., 
1994). 

2. Materials and methods 

2.1. Materials 

[125I]Angiotensin II [angiotensin II] (2200 Ci/mmol) ,  
[ 125 I]Sar 1,IleS[angiotensin II] (2200 Ci/mmol) ,  45CAC12 
(14.17 mCi /mg)  and an AT 2 receptor binding kit (Drug 
Discovery Systems: angiotensin II receptor type 2) were 
purchased from New England Nuclear (USA). An- 
giotensin II and its analogs were purchased from Sigma 
Chemical Co. (St. Louis, MO, USA). SB 203220, [3H]SB 
203220 (32 Ci /mmol) ,  S K & F  108566, [3H]SK&F 
108566, DuP 753 and PD 123319 were synthesized at 
SmithKline Beecham (King of Prussia, PA, USA). 

2.2. Membrane preparation 

Plasma membranes were prepared from rat, bovine 
and human tissues by methods previously described 
(Edwards et al., 1992). In brief, the tissues were ho- 
mogenized in 20 mM NaHCO 3 for 2 × 1 0  s with a 
Polytron (setting 8). The resulting homogenate was 
centrifuged at 1000 × g for 10 min at 4°C. The super- 
natant was centrifuged at 47 000 × g for 20 rain at 4°C 
and the membranes were washed twice by centrifuga- 
tion in buffer (50 mM Tris-HC1 (pH 7.4), 5 mM MgC12 
and 2 mM Na-EGTA) and finally resuspended in the 
buffer [2 mg protein/ml] .  The recombinant human 
AT 1 receptor clone was expressed in mouse L cell line 
(LhATID6)  as described previously (Aiyar et al., 1994) 
and was used to characterize SB 203220. 

Binding assays were performed by incubating freshly 
prepared membranes (40-60 ~xg of protein or ~ 105 
cells per assay) in a final volume of 100 /zl of buffer 
containing 0.025% bovine serum albumin, 300 pM of 
either [125I]angiotensin II or [125I]Sar1,IleS-angiotensin 
II in the presence or absence of various concentrations 
of competing ligands. [3H]SB 203220 binding assay was 
done using 10 nM radioligand. Incubations were per- 
formed at 25°C for 60 min. The reaction was termi- 
nated by rapid filtration and filters were counted in a 
gamma counter or liquid scintillation counter. Nonspe- 
cific binding was measured in the presence of 1 /xM 

unlabelled angiotensin II and did not exceed 10% of 
the total binding. The data were analyzed by 
computer-assisted nonlinear least square fitting, using 
the LU N D O N  software programs (LUNDON Software 
Programs, Cleveland, OH, USA). 

2.3. Effect of  SB 203220 on angiotensin II-mediated 
45Ca2 + efflux 

Rat thoracic aortic smooth muscle cells were iso- 
lated from the thoracic aorta of adult male Sprague- 
Dawley rats by an explant method and subcultured as 
described by Ross (1971). Effiux experiments utilizing 
45Ca2+ were performed as described previously (Glea- 
son et al., 1991). The cells were loaded with 45CAC12 by 
addition of 1 ml of buffer (mM) (118 NaC1, 4.7 KC1, 1.2 
MgSO4, 1.2 CaCl2, 1.2 KI-I2PO4, 25 NaHCO 3, 11 
glucose, and 0.03 EGTA, pH 7.4) containing 2 mCi of 
45CAC12 and incubated for 120 min at 37°C. The cells 
were washed, then treated with or without different 
concentrations SB 203220 before the addition of 10 nM 
angiotensin II. Efflux curves were generated and the 
rate constant of aSCa2+ effiux was defined as the 
radioactivity released from the cells per minute at time 
t divided by the radioactivity remaining in the cells at 
time t. 

2.4. Vascular smooth muscle activity 

The effect of SB 203220 on the contractile effects of 
angiotensin II, norepinephrine, endothelin-1 and KCI 
were examined in rabbit and rat aorta as we described 
previously (Edwards et al., 1992). Vascular rings were 
suspended in organ bath chambers (10 ml) containing 
Krebs-bicarbonate solution of the following composi- 
tion (mM): NaC1, 112.0; KC1, 4.7; KH2PO4, 1.2; 
MgSO4, 1.2; CaCI2, 2.5; NaHCO 3, 25.0; and dextrose, 
11.0. Tissue bath solutions were maintained at 37°C 
and aerated continuously with 95% 0 2 / 5 %  CO 2. Cu- 
mulative concentration-response curves were con- 
structed by the method of stepwise addition of the 
agonist according to the technique of Van Rossum 
(1963). SB 203220 was added to paired tissues 30 min 
before the initiation of the concentration-response to 
contractile agonists. Isometric contractions were ex- 
pressed as a percentage of the response to 60 mM KCI 
for each tissue. In washout experiments the Krebs-bi- 
carbonate buffer containing SB 203220 was washed out 
at the indicated times and concentration-response curve 
to angiotensin II was initiated. 

2.5. Inhibition of  angiotensin H-induced adrenal aldo- 
sterone release 

The experimental protocol of Wong et al. (1990a) 
was followed to study the effect of SB 203220 on 
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angiotensin II-induced aldosterone release. Rats were 
treated with vehicle (saline) or SB 203220 (10 m g / k g  
i.d.). Angiotensin II was then infused (100 n g / k g / m i n )  
for 30 min at which time plasma samples were ob- 
tained for aldosterone measurements. The aldosterone 
levels were determined by radioimmunoassay (ICN). 

2.6. In vivo activity in conscious rats 

Male Sprague-Dawley rats (325-350 g, Charles River 
Labs, Wilmington, MA, USA) were prepared with in- 
dwelling femoral artery, vein and duodenal catheters as 
previously described in detail (Gellai and Valtin, 1979). 
Two to three days following surgery rats were placed in 
a restrainer and mean arterial pressure was continu- 
ously monitored via a pressure transducer (Gould). 
The change in mean arterial pressure in response to 
bolus i.v. doses of angiotensin II (250 ng/kg)  was 
measured before and at various times after a single 
dose of SB 203220 (3-10 mg/kg)  given intraduode- 
nally. 

2.7. Antihypertensive activity in conscious renin-depen- 
dent hypertensive rats 

Renin-dependent  hypertension was established by 
partial renal artery ligation of one kidney as we have 
previously described (Ohlstein et al., 1992). Catheters 
were implanted as described above and mean arterial 
pressure was measured before, and after the adminis- 
tration of SB 203220. In addition to the vascular 
catheters, some rats were implanted with a pulsatile 
Doppler  probe (on the ascending aorta) for the mea- 
surement of cardiac output, or a bladder cannula for 
renal clearance studies as previously described in detai l  
(Gellai and Valtin, 1979). Glomerular filtration rate 
(GFR) was estimated from the renal clearance of in- 
ulin (Inutest, Laevosan-Gesellschaft, Linz-Donan, Aus- 
tria), renal plasma flow (RPF) as the clearance of 
p-aminohippurate,  and renal blood flow (RBF) as 
R P F / ( 1  - hematocrit). 

2.8. In vivo activity in conscious dogs 

203220. In a separate study, dogs were made acutely 
hypertensive with an infusion of angiotensin I (100 
ng /kg /min ) .  Thirty minutes following establishment of 
the angiotensin I-induced hypertension, SB 203220 (3 
and 10 m g / k g  p.o.) was administered and blood pres- 
sure monitored for 6 h. To determine the effect of SB 
203220 at 13-22 h following administration, drug was 
administered in the evening to dogs in their home cage. 
The following morning, 12 h after dosing, animals were 
placed in the sling and an angiotensin I infusion was 
initiated and blood pressure monitored for the follow- 
ing 10 h. 

2.9. Antihypertensive activity in conscious renin-depen- 
dent hypertensive dogs 

Renin-dependent  hypertension was established in 
dogs using methods described in detail previously 
(Brooks and Fredrickson, 1992). Briefly, dogs were 
prepared as described above and 3 weeks following 
instrumentation with the Vascular-Access-Port (VAP), 
an ameroid constrictor was placed on the left renal 
artery. Two to four weeks following application of the 
constrictor, blood pressure was significantly increased 
and the effect of SB 203220 (10 m g / k g  p.o.) was 
evaluated. 

2.10. Data analyses 

All data are expressed as means + S.E.M. Statistical 
analysis was performed by analysis of variance and 
Dunnett 's  test for multiple comparisons. 

3. Results 

Specific [125I]angiotensin II binding to rat mesen- 
teric artery membranes was inhibited by SB 203220 in a 
monophasic manner  with a K i value of 11.8 + 2.1 nM 
(Table 1). SB 203220 exhibited similar high affinity for 
AT 1 receptor in several other  tissues including human 
AT1 receptor clone expressed in a stable cell line, 
LhAT1D6 (Table 1). The Ki values presented in Table 

Male mongrel dogs weighing 9-13 kg were housed 
under conventional conditions and prepared with a 
femoral arterial Vascular-Access-Port (VAP) as de- 
scribed in detail previously (Mann et al., 1987). Dogs 
were allowed at least 3 weeks to recover from surgery 
prior to study. Dogs were fasted for 18 h with free 
access to water before being placed in a sling to which 
they had been trained previously. A catheter was placed 
in the cephalic vein and the blood pressure response to 
increasing doses of angiotensin II was monitored be- 
fore and at various times following either intravenous 
(0.1 mg/kg)  or oral (1 mg/kg)  administration of SB 

Table 1 
Inhibition of [125I]angiotensin II or [lzSI]angiotensin II (Sarl,Ile s) 
binding by SB 203220 in various membrane or cell preparations 

K i (nM) 

Rat mesenteric artery 11.8 _+ 2.1 
Rat adrenal cortex 15.1 + 3.2 
Rat aortic smooth muscle cell 9.4 -+ 1.5 
Human liver 28 
Recombinant human AT1 receptor 5.4-+ 1.8 
Bovine cerebellum > 10,000 
Bovine ovary > 10,000 

Results are means_+ S.E.M. from at least three experiments. 
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Fig. 1. Scatchard analysis of [3H]SB 203220 binding to bovine adrenal cortex membranes. Angiotensin II (1 /xM) was used to define nonspecific 
binding. Data are representative of three separate experiments performed in duplicate. 

1 were obtained in the presence of 0.025% bovine 
serum albumin. In the absence of albumin, SB 203220 
had an 8-fold higher affinity for AT t receptor in rat 
mesenteric artery membranes (K i 1.5-t-0.2 nM). SB 
203220 did not displace labelled angiotensin II binding 
from bovine cerebellum or ovary, which express pre- 
dominantly AT 2 receptor subtype. The specificity of 
SB 203220 for angiotensin II receptors was demon- 
strated by its lack of activity (> 1.0 /xM) in other 
radioligand binding assays such as [tzSI]endothelin, 
[125I]calcitonin gene-related peptide, and [3H]arginine 
vasopressin (data not shown). In experiments designed 
to study the reversibility of SB 203220 binding to 
angiotensin II receptors, bovine adrenal cortical mem- 
branes were preincubated with 10 nM SB 203220 or 
SK&F 108566 for 30 min and then extensively washed 
and total binding with [125I]angiotensin II was esti- 

mated. In membranes preincubated with SB 203220, 
the total binding after washing was decreased by 71%, 
while preincubation with SK&F 108566 followed by 
washing had no appreciable effect on [tzSI]angiotensin 
II binding. These results suggest that SB 203220 slowly 
dissociates from the angiotensin II receptor, unlike 
SK&F 108566 which dissociates rapidly. 

[3H]SB 203220 binding to bovine adrenal cortical 
membranes was specific (80%) and saturable. Scatchard 
analysis of the saturation binding data was consistent 
with a single binding site and yielded a dissociation 
constant (K d) of 4.9 _+ 1.2 nM and maximal binding 
capacity (Bma x) of 454 _+ 18 fmol/mg (Fig. 1). The time 
course of association of [3H]SB 203220 to bovine 
adrenal cortical membranes at 30°C was rapid and 
reached steady state by 30 min and was maintained up 
to 120 min (Fig. 2). Dissociation experiments were 
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Fig. 2. Association and dissociation of [3H]SB 203220 (left panel) or [3H]SK&F 108566 (right panel) to bovine adrenal cortex membranes. 
Dissociation was initiated by addition of angiotensin II or unlabelled SB 203220 to [3H]SB 203220 or S K & F  108566 to [3H]SK&F 108566. 
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Table 2 
Displacement of specific [3H]SB 203220 binding to bovine adrenal 
cortex by various angiotensin II agonists and/or antagonists 

K i ( n M )  

Angiotensin I 1440 + 120 
Angiotensin II 6.32 + 1.8 
Angiotensin III 55.5 ± 8.2 
[Sar X,ile s]Angiotensin II 7.1 ± 2.1 
[SarX]Angiotensin II 5.2± 1.2 
SK&F 108566 6.8± 1.8 
SB 203220 1.35 ± 0.3 
DuP 753 3.5 + 0.8 
PD123319 > 10,000 

Results are means_+ S.E.M. from at least three experiments. 

initiated by addition of unlabeled SB 203220 or an- 
giotensin II  (each at 1 /J,M) to the incubation mixture 
45 min after the start of incubation. Only 45% of the 
bound radioactivity was dissociable by 90 min after the 
addition of excess unlabelled ligands (Fig. 2, left panel). 
Comparison of the dissociation rates of [3H]SB 203220 
and [3H]SK&F 108566 (Fig. 2, right panel) at 30°C 
revealed that SB 203220 dissociated from its receptor 
at much slower rate than did S K & F  108566 which 
dissociated completely by 90 min. A series of an- 
giotensin II analogs and nonpeptide angiotensin II 
receptor antagonists were used to compete for [3H]SB 
203220 binding to membranes prepared from bovine 
adrenal cortex and the calculated K i values from the 
displacement curves are given in Table 2. The order of 
potency for various compounds was typical of the AT~ 
subtype of angiotensin II receptors. PD 123319, an 
AT2-selective antagonist, did not displace [3H]SB 
203220 binding from bovine adrenal cortex membranes 
(Table 2). It was also observed that in the membranes 
from bovine cerebellum, a tissue rich in AT 2 subtype of 

angiotensin II receptor, [3H]SB 203220 displayed < 5% 
specific binding (data not shown). 

3.1. Ca 2+ mobilization 

Rat aortic smooth muscle cells were used to charac- 
terize the effect of SB 203220 on angiotensin II in- 
duced Ca 2 ÷ mobilization. Fig. 3 (left panel) depicts the 
time course of 10 nM angiotensin II-mediated 45Ca2+ 
effiux and the effect of various concentrations of SB 
203220 on angiotensin II response in rat aortic smooth 
muscle cells preloaded with 45Ca2+. Immediately fol- 
lowing angiotensin II exposure, there was a rapid in- 
crease in the rate of 45Ca2+ efflux from cells which 
reached a peak within 2 min; thereafter the efflux rate 
diminished rapidly to basal level (Fig. 3, left panel). 
Angiotensin II stimulated 45Ca2+ efflux in a dose-de- 
pendent manner with half-maximal effective concentra- 
tion of 0.8 + 0.15 nM (data not shown). SB 203220 (0.1 
nM to I ~ M )  alone had no effect on basal Ca 2÷ efflux 
from the ceils preloaded with 45Ca2+. However, SB 
203220 inhibited angiotensin II-induced 45Ca2+ efflux 
in a concentration-dependent manner with an observed 
IC50 value of 2 n M +  0.45 nM, as shown in Fig. 3 (right 
panel). 

3.2. Inhibition of  angiotensin H-induced contraction of  
isolated blood vessels 

SB 203220 (0.1-10 nM) antagonized the angiotensin 
II-induced contractions in isolated rabbit aorta (Fig. 4). 
The effect of SB 203220 was characterized by a shift to 
the right of the angiotensin II concentration-response 
curve as well as a reduction in the maximal contraction 
(approximately 30%). However, unlike classical non- 
competitive receptor antagonists, depression of the 
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Fig. 3. Left panel: Effect of various concentrations of SB 203220 on 10 nM angiotensin II-mediated 45Ca2+ efflux in rat aortic smooth muscle 
cells. Right panel: Concentration-response curve of SB 203220 on angiotensin II-mediated calcium efflux in smooth muscle cells. 100% 
represents the rate constant of calcium efflux calculated in the presence of 10 nM angiotensin II. Data are representative of three separate 
experiments performed in duplicate. 
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Fig. 4. Concentration-response curves for the effect of SB 203220 on 
angiotensin II-induced contraction in rabbit isolated aortic rings. 
Results are expressed as the percentage of the response to 60 mM 
KCI and are the mean_+ S.E.M. of 5 experiments• 

maximal contractile response remained constant with 
increasing concentrations of SB 203220. Despite the 
reduced maximal contractile response, an apparent  
dissociation c o n s t a n t  (Kbapp) of 0.59 + 0.16 nM was 
calculated for SB 203220 at the EC30 response. Schild 
analysis of these data yielded a slope of the regression 
line of 1.17 which is consistent with competitive antag- 
onism. However,  in view of the depressed maximal 
contractile response, the calculation of the absolute 
value for Kbapp and the Schild analysis are not com- 
pletely valid. The K b value was similar to the value 
reported for S K & F  108566 (Edwards et al., 1992). SB 
203220 at 10 /zM did not significantly modify the 
contractile response curves to endothelin, nore- 
pinephrine or KC1 (data not shown). 

The reversibility of the antagonist effects of SB 
203220 on the contractile effect of angiotensin II is 
shown in Fig. 5. The antagonist effect of SB 203220 on 
angiotensin II-induced contraction of rabbit aorta 
washed out slower than the classically competitive an- 
giotensin II  receptor  antagonist, S K & F  108566 (Fig. 
5). Following washout of SB 203220, the concen- 
tration-response curves to angiotensin II returned to 
control levels in a t ime-dependent  manner.  At 180 min 
following washout of SB 203220, concentration-re- 
sponse curves were still shifted to the right by approxi- 
mately 2-fold; however, the maximal contractile re- 
sponse had returned to control responses (Fig. 5, top 
panel). Both the affinity and efficacy components  of 
the concentrat ion-response curves returned to control 
levels following washout of SB 203220, and the rate of 
return for each of these components  appeared  similar. 
In contrast, S K & F  108566 washed out rapidly from 
isolated aortic tissue (Fig. 5, bot tom panel)• Thirty 
minutes following washout of S K & F  108566, the an- 
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giotensin II concentration-response curves were super- 
imposable over the control curves. 

3.3. In uivo activity of SB 203220 

Angiotensin II increased plasma aldosterone con- 
centration in conscious normotensive rats from 1.4 + 
0.1 to 3.6 + 0.3 n g /m l  (n = 6). SB 203220 (10 m g / k g /  
day) significantly inhibited the rise in plasma aldo- 
sterone by 86% (1.7 + 0.6 ng/ml ,  n = 7). 

SB 203220 when given intraduodenally produced a 
dose-dependent inhibition of the pressor response to 
angiotensin II in conscious rats (Fig. 6). The inhibitory 
effect of SB 203220 was rapid in onset (maximum 
inhibition at 15 minutes post-dose) and at 10 mg /kg  
i.d. the inhibitory effect lasted for at least 3.5 h. This 
same dose of SB 203220 (10 m g / k g  i.d.) had no effect 
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on equipressor doses of norepinephrine (400 n g / k g  
i.v.) or vasopressin (100 n g / k g  i.v.) (data not shown). 

Intraduodenal  administration of SB 203220 to 
renin-dependent  hypertensive rats resulted in pro- 
longed antihypertensive activity (Fig. 7). At 3 and 10 
m g / k g  SB 203220, blood pressure fell approximately 
20 and 35%, respectively, and the pharmacological 
effects of SB 203220 lasted for 14-16 h. SB 203220 had 
no effect on cardiac output, heart  rate or stroke vol- 
ume, indicating that the effects of SB 203220 on mean 
arterial pressure were the result of a decrease in total 
peripheral  resistance (Fig. 10). Despite the drop in 
blood pressure with SB 203220, renal blood flow in- 
creased by 28 _+ 5% (n = 6), while glomerular filtration 
rate remained unchanged. 

In conscious chronically instrumented dogs, an- 
giotensin II resulted in a significant dose-dependent  
increase in blood pressure, a response that was inhib- 
ited significantly by administration of SB 203220 (Fig. 
8). SB 203220 administered intravenously at 0.1 m g / k g  
resulted in a significant rightward shift in the dose-re- 
sponse curve that was greatest  at 1 h and had returned 
towards control values at 5 h post-dosing. Following 
oral administration of SB 203220, the angiotensin II 
dose-response curve was significantly shifted to the 
right for 18 h. In dogs made acutely hypertensive with 
an infusion of angiotensin I, SB 203220 at 3 and 10 
m g / k g  p.o. resulted in a dose-dependent  reduction in 
blood pressure (Fig. 9). When SB 203220 was adminis- 
tered 12 h prior to infusion of angiotensin I, residual 
antihypertensive effects were observed up to 20 h 
post-dosing (Fig. 9). Constriction of one renal artery 
with an ameroid constrictor resulted in a significant 
hypertension with blood pressure increasing to > 150 
mm Hg. Subsequent administration of SB 203220 (10 
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Fig. 10. T i m e  course  of the an t ihyper t ens ive  activity of  SB 203220 in 
consc ious  r e n i n - d e p e n d e n t  hyper tens ive  dogs.  Base l ine  m e a n  a r te r ia l  
p ressure  was  1 5 7 + 5  and 172_+6 mm Hg  in vehic le  (n  = 5) and  SB 
203220 (n = 4) - t rea ted  dogs,  respect ively.  

m g / k g  p.o.) resulted in a significant antihypertensive 
response which also lasted at least 12 h (Fig. 10). 

4. Discussion 

In the present  study, we have characterized the in 
vitro and in vivo pharmacology of SB 203220, a 
naphthyl analog of S K & F  108566. In binding as well as 
functional studies, SB 203220 is an angiotensin II re- 
ceptor antagonist selective for the AT 1 subtype. SB 
203220 binding is slowly reversible from the receptor 
and its effect is partially insurmountable. Furthermore,  
SB 203220 selectively inhibited the pressor response to 
angiotensin II in vivo and displayed prolonged antihy- 
pertensive activity in animal models of renin-depen- 
dent hypertension. 

SB 203220 selectively inhibited [~25I]angiotensin II 
binding in various tissues with a K i value of 5-15 nM. 
The selectivity for the AT 1 receptor subtype was clearly 
demonstrated by the lack of affinity of SB 203220 for 
the AT 2 receptor subtype in bovine cerebellum. The 
affinity of SB 203220 for the A T  1 receptor in rat 
mesenteric artery membranes  was almost 12 times 
weaker than that of S K & F  108566 and did not corre- 
late well with the rank order for antagonizing an- 
giotensin II-induced contraction in rabbit a o r t a  [ K  b 

0.59 and 0.21 nM, respectively]. To resolve the discrep- 
ancy between the two assays, the possibility of interfer- 
ing factor(s) was evaluated. It has been shown that 
bovine serum albumin modulates the binding of non- 
peptide AT l antagonists (Chiu et al., 1991). In the 
present  study it was observed that the apparent  binding 
affinity of SB 203220 was significantly affected by the 
presence of bovine serum albumin. In the presence of 
albumin, the K i value for SB 203220 was 11.8 nM in 
mesenteric artery, whereas in the absence of albumin, 
the K i value was 1.5 nM which compared well with the 
K b value (0.59 nM) obtained in fuctional studies using 
rabbit aorta. Similar studies with S K & F  108566 indi- 
cated that the binding was not significantly affected by 
bovine serum albumin (K  i 1.02 +_ 0.04 nM in the ab- 
sence of albumin and 1.2 _+ 0.2 nM in the presence of 
0.025% albumin). Therefore,  it appears  that under in 
vitro conditions SB 203220 binds to albumin to a 
significant degree. [3H]SB 203220 binding to bovine 
adrenal cortical membranes  was specific, saturable and 
slowly dissociable. The apparent  dissociation constant 
( K  d) and binding capacity for [3H]SB 203220 to the 
bovine adrenal cortex membranes  was 4.9 + 1.2 nM 
and 454 + 18 fmo l /mg ,  respectively. The binding pro- 
file supports that the ligand specifically binds to the 
AT x subtype. 

The angiotensin II  antagonistic properties of SB 
203220 was demonstrated in several functional assays. 
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SB 203220 a n t a g o n i z e d  ang io tens in  I I - i n d u c e d  increase  
of  a l d o s t e r o n e  in vivo. T h e  c o m p o u n d  inh ib i ted  an- 
g io tens in  I I - i n d u c e d  Ca 2÷ mobi l i za t ion  in smoo th  mus-  
cle cells wi th  an IC50 of  2.0 + 0 . 4 5  nM.  Whi l e  SB 
203220 shares  many  f ea tu re s  in c o m m o n  with  S K & F  
108566, t h e r e  a re  some  i m p o r t a n t  d i f ferences .  Fi rs t ,  
un l ike  S K & F  108566 which  rap id ly  d issoc ia tes  f rom 
the  ang io tens in  II  r ecep to r ,  SB 203220 shows a s lower 
ra te  o f  d issocia t ion.  Second ,  while  S K & F  108566 has  
charac te r i s t i c s  of  a classical  compe t i t ive  an tagon i s t  in 
r abb i t  ao r t a  ( E d w a r d s  et  al., 1992), SB 203220 displays  
an an t agon i sm  tha t  is bes t  cha r ac t e r i z ed  as be ing  par -  
t ially i n su rmoun tab l e .  A l t h o u g h  the  r igh tward  shift  in 
the  c o n c e n t r a t i o n - r e s p o n s e  curve to  ang io tens in  II  by 
SB 203220 is pa ra l l e l  and  t he r e fo re  compe t i t ive  in 
na tu re ,  SB 203220 p r o d u c e s  a 35% d e c r e a s e  in the  
maximal  con t rac t i l e  r e sponse  p r o d u c e d  by SB 203220 
and  is slowly revers ib le  when  c o m p a r e d  to S K & F  
108566. The  p a t t e r n  of  an t agon i sm  exhib i ted  by SB 
203220 was s imi lar  to those  of  o t h e r  A T  1 r e c e p t o r  
an tagon is t s  such as EXP3174  ( W o n g  et  al., 1990b), 
L158809 (Chang  et  al., 1992), CV-11974 ( N o d a  et  al., 
1993), and  C G P  48933 (Cr isc ione  et  al., 1993). In  
genera l ,  the  au thor s  of  those  r epo r t s  sugges ted  tha t  the  
c o m p o u n d s  d i sp layed  pseudo- i r r eve r s ib l e  an t agon i sm 
due  to slow d issoc ia t ion  of  a n t a g o n i s t - r e c e p t o r  com- 
plex. T h e  an tagon i s t i c  act ivi ty of  SB 203220 may  also 
be  exp la ined  on this basis.  

I t  is in te res t ing  to no te  tha t  the  ma jo r  d i f fe rence  
b e t w e e n  these  two c o m p o u n d s  when  a d m i n i s t e r e d  to 
an imals  is the  longe r  p h a r m a c o l o g i c a l  d u r a t i o n  of  ac- 
t ion of  SB 203220 when  c o m p a r e d  to S K & F  108566 
(Brooks  et  al., 1992). This  may  be  a consequence  of  the  
s lower  ra te  of  d i ssoc ia t ion  of  SB 203220 f rom the  A T  1 
r e c e p t o r  obse rved  in the  b ind ing  s tudies  as well  as the  
s lower  recovery  of  SB 203220- induced an t agon i sm 
d e m o n s t r a t e d  in the  rabb i t  aor ta .  

In  summary ,  SB 203220 is a p o t e n t  n o n p e p t i d e  
ang io tens in  II  r e c e p t o r  an tagon i s t  wi th  high select ivi ty  
for the  A T  1 sub type  r ecep to r .  In  bo th  b ind ing  assays 
and  func t iona l  assays, the  an t agon i sm  p r o d u c e d  by SB 
203220 reverses  at  a s lower  ra te  t han  does  S K & F  
108566, which  may  account  for  the  d i f fe ren t  p h a r m a c o -  
dynamic  p r o p e r t i e s  of  these  c o m p o u n d s  obse rved  in 

vivo. This  d i f f e rence  occurs  desp i t e  the  close s t ruc tura l  
s imi lar i ty  o f  the  two compounds .  A s  d iscussed  else-  
w h e r e  (Weins tock  et  al., 1994), this  may  be  due  to the  
naph thy l  r ing having a m o r e  o r thogona l  r e l a t ionsh ip  to 
the  imidazo le  r ing of  SB 203220 than  the  c o r r e s p o n d -  
ing r ings of  S K & F  108566, and  thus  a l t e r ing  to some 
extent  the  b ind ing  locus of  the  d rug  with  the  recep to r .  
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